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(57) ABSTRACT

A method of distinguishing mesenchymal stem cells (MSCs)
in a primary culture of cells derived from a placenta-related
tissue is provided. Also provided is a method of increasing
the purity of MSC population in a primary culture of cells
derived from a placenta-related tissue. Further provided is a
method of isolating a MSC population which is more
responsive in an inflammatory environment. Said methods
each comprise a step of sorting the cells by a marker of
EphA2.
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1
METHOD OF DISTINGUISHING
MESENCHYMAL STEM CELLS

FIELD OF THE INVENTION

The present invention pertains to a method of distinguish-
ing mesenchymal stem cells (MSCs) in a primary culture of
cells derived from a placenta-related tissue. The present
invention also relates to a method of increasing the purity of
MSC population in a primary culture of cells derived from
a placenta-related tissue. In another aspect, the invention
pertains to a method of isolating a MSC population which is
more responsive in an inflammatory environment.

BACKGROUND OF THE INVENTION

Mesenchymal stem or stromal cells (MSCs) are multipo-
tent cells of embryonic mesodermal origin, with a fibroblast-
like morphology. These cells can differentiate into adipo-
cytes, osteocytes, chondrocytes, neural lineage cells, and
myocytes among other cell types depending on the stimuli
and culture conditions. Although the plasticity of hMSCs
and their role in tissue repair and regeneration have been
extensively studied, it is their immunological trophic prop-
erty that has gained the most interest recently [50-51].
Human mesenchymal stem cells have been isolated from a
variety of tissues. The most frequently used source of MSCs
is the bone marrow (BM). However, the isolation procedure
is extremely invasive. To avoid the invasive isolation pro-
cedures, tissues such as human umbilical cord and placenta
have been considered as good candidates since they are
normally discarded after labor. The isolation of hMSCs from
umbilical cord or placenta has proven to be efficient by
previous studies [49].

MSCs are a subpopulation of a more complex cell com-
position of stromal cells contained in mesenchymal tissue.
Due to the heterogeneous nature and the absence of known
biomarkers specific for mesenchymal stem cells, it is a
challenging task to define MSC phenotypes and character-
istics [52-54]. The molecular components responsible for
MSCs functionalities, in particular, those on the plasma
membrane, remain largely unknown. In addition, lack of
specific cell surface markers renders the cell culture at
potential contamination risk with other cell types, in par-
ticular, those mature stromal cells such as fibroblasts, which,
conversely, are abundant in mesenchymal tissue [52-54]. In
the process of isolation of MSCs from placenta-derived
tissues, non-MSCs, including fibroblasts, placenta-derived
epithelial cells, and placenta-derived reticular cells, often
co-exist with MSCs during the in vitro cultivation. In
particular, fibroblast is the main source of contamination.

Fibroblasts are considered mature mesenchymal cells that
are particularly abundant in the connective tissue. Therefore,
these cells are the most frequent contaminating cell pheno-
type present in many cell culture systems. Not only is it
difficult to apply techniques which successfully eliminate
fibroblasts from a culture, it is also particularly complex to
distinguish MSCs from fibroblasts in the same culture.
Fibroblasts and MSCs have an extremely similar morpho-
logical appearance; they both proliferate well and share
many identical cell surface markers [55, 56]. MSC are
currently defined as plastic adherent, multipotent fibroblast-
like cells expressing CD73, CD90, CD105 and negative for
the hematopoietic markers CD14, CD34 and CD45 by the
International Society of Cellular Therapy (ISCT). However,
these properties and markers are also shared by fibroblasts.
The current definition suggested by ISCT is thus incapable
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of distinguishing MSC from generic fibroblasts. Until now,
the best way to distinguish MSCs from fibroblasts is based
on the analysis of the functional properties of these two
kinds of cells; MSCs retain multipotent stemness and immu-
nomodulation capacity, while fibroblasts seem more limited
in both of these functional properties.

Since Friedenstein’s pioneering work in identification of
MSCs [48], there are no distinct differences in culture-
derivation methodology, morphology, and gene expression
signature that consistently and unequivocally distinguish ex
vivo culture-expanded MSC from fibroblasts [57-60]. Pres-
ently, there is no accepted criterion or single cell-surface
marker for separating the MSCs from fibroblasts. Due to the
fact that fibroblast is the common contaminant cell popula-
tion in MSC culture when derived from placenta, a novel
surface protein as a biomarker to distinguish MSCs from
fibroblasts is crucial to ensure the homogeneity of primary
culture of placenta-derived MSCs.

The human erythropoietin-producing hepatocellular
(Eph) receptors include transmembrane proteins comprising
the largest family of receptor tyrosine kinases (RTKs). The
first identified functions of Eph receptors were their roles in
the complicated and sophisticated mechanism in axon guid-
ance [4]. Eph receptors are now known to regulate a wide
range of cell-to-cell communication events involved in cell
positioning and tissue patterning during embryonic devel-
opment and pathological conditions such as cancer and
vascular complications [1-5]. In addition, these receptors are
important regulators of specialized cell functions in synaptic
plasticity, insulin secretion, bone remodeling, epithelial
homeostasis, as well as inflammatory and immune responses
[1, 2, 6]. They are expressed by a wide variety of cell types
such as neurons, vascular cells, epithelial cells, inflamma-
tory cells, immune cells, and tumor cells including cancer
stem cells [7-10].

EphA2 gene belongs to the Eph receptor subfamily of the
protein-tyrosine kinase family. Previous studies have been
implicated EphA2’s functions in mediating developmental
events, particularly in the nervous system [4]. During devel-
opment, EphA2 functions in distinctive aspects of pattern
formation and subsequently in development of several fetal
tissues, including vasculogenesis, neural tube development,
axial mesoderm formation, early hindbrain development,
neuron differentiation, regulation of cell migration, bone
remodeling through regulation of osteoclastogenesis and
osteoblastogenesis, mammary gland epithelial cell prolifera-
tion and branching morphogenesis during mammary gland
development [11]. In particular, EphA2’s role in nervous
system embryonic development is well-defined [12], includ-
ing the process by which neurons send out axons to reach the
correct targets.

Roles of Eph receptors have been implicated in stem cell
biology only recently, both during embryonic development
and in the adult stem cell niche. Eph receptors are expressed
in most adult stem cell niches. Stem cells are located in
specialized microenvironments, niches, defined as the com-
bination of cellular and microenvironmental determinants
orchestrating the self-renewal and differentiation of stem
cell pools within specialized tissue locations. The expression
of Eph receptors and ephrin ligands during embryogenesis
and tissue homeostasis is consistent with their involvement
in stem cell regulation during development and in adult
tissue homeostasis [13, 15]. It has been suggested Eph/
ephrin system carry out a spatio-temporal regulatory func-
tion in the balance between stem cell quiescence, self-
renewal and differentiation [14]. However, the mechanism
of Eph in stem cell niche maintenance and its role in
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regulating stem cells are not well understood. EphA2 is
highly expressed in embryonic stem cells [16]. Nevertheless,
the majority of the EphA2 functional studies in stem cells
have been focused on the nervous system. EphA2 is highly
expressed in CNS, including precursors in neuronal and glial
lineages [12, 15]. Recent studies provide evidence that
ephrin-Al promotes the motility of EphA2-positive cardiac
stem cells, resulting in enhanced regeneration and cardiac
function after myocardial infarction [17]. Beside these find-
ings, the expression profile and functions of EphA2 in stem
cell science are not yet well determined.

Eph receptors and ephrin ligands regulate both self-
renewal of stem/progenitor cells and tumor progression [14].
High-degree similarity between untransformed stem/pro-
genitor cells and cancer cells is also acknowledged. In recent
years the concept of numerous cancers harboring a “cancer
stem cell” compartment, comprising up to 25% of the cancer
cells population, has been described [14]. These cells have
been defined as tumor-propagating cells (TPCs) for their
ability to induce tumors in animal hosts, self-renew and give
rise to more differentiated cells in expanding tumor cell mass
[14]. Recently, Eph/ephrin signals were linked to the regu-
lation of cancer cell dedifferentiation and stem-like proper-
ties [9, 18, 19]. However, it is to be noted that cancers stem
cells are actually not (multipotent) “stem cells” as generally
referred to in the relevant art.

The overexpression of Ephs coupled with the down-
regulation of the specific ephrin ligands has been reported in
several cancers and associated with tumor aggressiveness
and higher grades [19-22]. EphA2 expression is elevated in
breast, ovarian, and lung cancer, as well as in glioma and
melanoma, and high levels of EphA2 are correlated with
poor patient survival [20, 23-29]. However, the roles and the
expression of Eph receptor in cancer cells are absolutely
context-dependent. A reverse expression pattern has also
been observed in some tumors including breast, colorectal
cancer, and acute lymphoblastic leukemia, where low Eph
receptor expression through epigenetic silencing or muta-
tions correlate with poor prognosis [30]. In the study of
transcription profiling by array of human adrenocortical
carcinomas, adenomas and healthy adrenal cortex tissues,
EphA2 expression was down-regulated in human adreno-
cortical tumor tissues when compared with healthy adrenal
cortex tissues [31]. Hence, although the expression patterns
of certain Ephs and ephrins can serve as prognostic markers
in many tumorigenesis cases, a reverse phenomenon in
substantial amount of study reports was also observed.
Expression of Eplh/ephrins is critically cell/tumor-context-
specific and context-dependent.

Recent studies on glioblastoma (GBM) showed that
tumors harboring a large subpopulation of TPCs demon-
strate increased expression of EphA2 and EphA3. The
EphA2 receptor is overexpressed in human glioblastoma
cancer stem cells (CSCs), and EphA2 expression positively
correlated with the size and tumor-initiating ability of the
CSCs in this specific type of tumor [9]. These Eph receptors
regulate central nervous system development whereas their
deregulated expression and somatic mutations are associated
with growth, progression and metastasis of nervous system
tumors [32-36].

On the other hand, ligand-dependent activation of EphA
signaling possessing a tumor-suppressive effect in GBM,
colorectal, breast, prostate and skin cancer were also
reported [27, 38-43]. In substantial GBM studies, activation
of EphA2 kinase by ephrinAl were reported to have an
anti-proliferative effect, possibly through down-regulation
of EphA2 and FAK activities [27, 38, 44]. EphA2 knockout
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mice display increased tumor cell proliferation and ERK
phosphorylation [45]. Ligand stimulation of EphA2 also
attenuates EGF-mediated ERK phosphorylation, which cor-
relates with reduced cell proliferation and migration [46,
47]. Altogether, interestingly, these findings support the
tumor growth-suppressive and invasion-suppressive EphA2/
ephrinAl signaling. The result of the ephrin-Eph interaction
is remarkably divergent in different contexts.

The research paper published by Vescovi’s group in 2012
[9] demonstrating that (1) stem-like tumor-propagating cells
(TPCs) in hGBMs highly express EphA2 receptors, (2) high
EphA2 expression supports the undifferentiated state and
self-renewal in TPCs, (3) TPC content and tumorigenicity
are higher in EphA2U#&" than EphA2¥°"1 hGBM cells.
Despite the observed facts set forth above, EphA2F]
hGBM still possess significant tumor-initiating capability.
One could argue if EphA2 represents a true TPC marker
even in hGBM, let alone in a different tumor or a different
type of cells. In other words, one skilled in the art would not
have acknowledged that EphA2 is a specific and universal
marker for TPCs, much less a specific and universal marker
for multipotent stem cells. The same group also filed a patent
application claiming the use of EphA2 as a cell surface
marker for the identification and the isolation of a stem cell,
preferably a mammalian stem cell, more preferably a human
or mouse stem cell [37, EP 2733206 A1]. However, in view
of that Vescovi’s study entirely and only focused on human
glioblastomas (hGBMSs) and the facts that EphA2F"]
hGBM still possess significant tumor-initiating capability,
one skilled in the art would have in no way recognized that
EphA2 is a specific marker competent in identifying multi-
potent stem cells. Further, Vescovi is also silent as to how to
distinguishing multipotent stem cells in a primary culture of
cells derived from a placenta-related tissue.

BRIEF SUMMARY OF THE INVENTION

It is unexpectedly found in the present invention that
mesenchymal stem cells (MSCs) may be distinguished in a
primary culture of cells derived from a placenta-related
tissue, based on their expression levels of a specific surface
marker, EphA2.

Accordingly, in one aspect, the present invention features
a method of distinguishing MSCs in a primary culture of
cells derived from a placenta-related tissue, comprising
sorting the cells by a surface marker of EphA2.

In another aspect, the present invention provides a method
of increasing the purity of MSC population in a primary
culture of cells derived from a placenta-related tissue, com-
prising sorting the cells by a surface marker of EphA2.

In a further aspect, the present invention provides a
method of isolating a MSC population which is more
responsive in an inflammatory environment, comprising
sorting the cells by a surface marker of EphA2.

The method of the present invention may be used to
distinguish MSCs from a population of cells selected from
the group consisting of fibroblasts, placenta-derived epithe-
lial cells, placenta-derived reticular cells, and a combination
thereof.

In preferred embodiments of the present invention, the
method is used to distinguish MSCs from fibroblasts.

According to the present invention, the placenta-related
tissue may be selected from the group consisting of amniotic
membrane, chorionic disk, chorionic membrane, and umbili-
cal cord.
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According to the present invention, the sorting step may
be performed using a technique known or to be developed in
the art, for example, an antibody-based or a nucleotide-
based isolation method.

In certain embodiments of the present invention, the cells
derived from a placenta-related tissue are cultured in a
culture medium for MSC.

According to certain embodiments, the isolated MSC
population is more responsive to a TNF-a signaling or a
TNF-a-dependent signaling.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read in conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown in the
drawings embodiments which are presently preferred.

In the drawings:

FIG. 1 shows real-time polymerase chain reaction quan-
titation of EphA2 transcript. Transcript levels of EphA2 in
placenta-derived MSCs were evaluated by fold enrichment
compared to the expression of EphA2 in fibroblasts, i.e. by
the comparison of the EphA2 mRNA level in MSCs versus
the EphA2 level in fibroblasts (MSCs/fibroblasts). Tran-
script levels of EphA2 in MSCs were demonstrated by the
samples from donor #12, #17, #21 and #28. The results
showed that EphA2 was highly enriched in MSCs compared
with fibroblasts in vitro. D=donor. AM=amniotic membrane;
CD=chorionic disk; CM=chorionic membrane; and
UC=umbilical cord. BS=fetal bovine serum. P1=passagel.
P3=passage3.

FIG. 2 shows the results of Flow Cytometry analysis of
mixed populations of MSCs and fibroblasts. MSCs derived
from the umbilical cord (UC) from donor #23 were mixed
with fibroblasts in different ratios. The results demonstrated
that the percentage of EphA2* population detected by flow
cytometry decreased proportionally in response to the
increased fibroblast population. FB=fibroblasts.

FIG. 3 shows the EphA2 RNA levels evaluated by qPCR.
The total RNA expression level in different individual cell
population was normalized by endogenous GAPDH expres-
sion level. “Scramble” represented as scramble control in
shRNA knockdown experiment. By comparing to EphA2
transcript expression level in normal wild-type UC-derived
MSC, the qRT-PCR results confirmed the sh-EphA2 knock-
down efficiency. D=donor. UC=umbilical cord.

FIG. 4A and FIG. 4B show the results of trans-well
migration assay and cell viability detection. In FIG. 4A,
viable migrated cells are presented as CellTiter-Glo® Lumi-
nescent signal intensity. In FIG. 4B, viable migrated cells are
presented as relative proportion compared to wild-type MSC
in 0.2% FBS control.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is based on the unexpected finding
that through a cell sorting by surface marker EphA2, mes-
enchymal stem cells (MSCs) can be distinguished in a
primary culture of cells derived from a placenta-related
tissue.
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In one aspect, the present invention provides a method of
distinguishing MSCs in a primary culture of cells derived
from a placenta-related tissue, comprising sorting the cells
by a surface marker of EphA2.

In another aspect, the invention features a method of
increasing the purity of MSC population in a primary culture
of cells derived from a placenta-related tissue, comprising
sorting the cells by a surface marker of EphA2.

It is also demonstrated that the EphA2-sorted MSCs
exhibit superior responsiveness in an inflammatory environ-
ment as compared with unsorted MSCs or MSC like cells.
Accordingly, in a further aspect, the invention provides a
method of isolating a MSC population which is more
responsive in an inflammatory environment or microenvi-
ronment, comprising sorting the cells by a surface marker of
EphA2. In one embodiment of the present invention, the
isolated MSC population is more responsive to a TNF-a
signaling or a TNF-a-dependent signaling.

MSCs demonstrate immunosuppressive functionality by
suppressing T- and B-cell responses following activation by
various cytokines. They also can be induced to exert pro-
inflammatory effects in the presence of acute inflammatory
environment due to the actions of TNF-a and IFN-y. In
inflammatory joint diseases such as rheumatoid arthritis,
MSCs in bone marrow migrate to joints by a TNF-a-
dependent mechanism and may be in part responsible for the
disease process. MSCs have also been demonstrated in
increased numbers in periarticular tissues in osteoarthritis,
which may reflect an attempt at joint repair or regeneration
[6]. It has been proposed that TNF-a released in inflamma-
tory environment confers immunosuppressive properties
upon MSCs by binding to MSCs” TNF-R1 and activating the
NF-kB pathway in MSCs, resulting in MSCs to exercise the
role in immunomodulation [62].

According to the present invention, the cells are freshly
derived, obtained or collected from a placenta-related tissue
following a protocol known in the art, for example, that of
Fukuchi et al. In certain preferred embodiments, the cells
derived from a placenta-related tissue are then cultured in a
culture medium for MSC. A standard medium for MSC
comprises Minimum Essential Medium Eagle (with differ-
ent versions of modification), fetal bovine serum (FBS), and
basic fibroblast growth factor (bFGF) [49, 64-68].

According to the present invention, the method may be
used to distinguish MSCs from a population of cells selected
from the group consisting of fibroblasts, placenta-derived
epithelial cells, placenta-derived reticular cells, and a com-
bination thereof. Preferably, methods of the present inven-
tion are used to distinguish MSCs from fibroblasts in a
primary culture of cells derived from a placenta-related
tissue.

The placenta-related tissue may be selected from the
group consisting of amniotic membrane, chorionic disk,
chorionic membrane, and umbilical cord.

In carrying out the methods of the present invention, a
culture of a primary culture of cells derived from a placenta-
related tissue is subjected to a cell sorting by EphA2. The
cell sorting may be performed through a technique known or
to be developed in the art, for example, an antibody-based or
a nucleotide-based isolation method. Preferably, the cell
sorting is performed by an antibody-based magnetic cell
sorting. For example, the MACS method (MACS® Tech-
nology, Miltenyi Biotec). In addition, the cell sorting may be
preform through a flow cytometry method, e.g. an antibody-
based or a nucleotide-based flow cytometry.

As used herein, the term “more responsive” refers to
MSCs’ cellular behaviors (e.g. mobility) responding to an
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inflammatory related signaling pathway, including but not
limited to a TNF-a signaling or a TNF-a-dependent signal-
ing.

The present invention is further illustrated by the follow-
ing examples, which are provided for the purpose of dem-
onstration rather than limitation.

EXAMPLES
Example 1

The Immunophenotypic Characterization of the
Placenta-Derived Mesenchymal Stem Cells (MSCs)
and Fibroblasts

Full-term placentas (n=8) were collected after obtaining
written informed consent from donors. MSCs were derived
from amniotic membrane (AM), chorionic disk (CD), cho-
rionic membrane (CM), and umbilical cord (UC). Placenta-
derived cells were cultured, expanded and maintained in
a-MEM with FBS and basic FGF at 37° C., saturating
humidity and 5% CO,, and were sub-cultured when cells
reached 80% confluence, later phenotypically characterized
by flow cytometry. In the process of immunostaining subject
to flow cytometry, cells were incubated with the antibodies
following manufacturer’s instructions. Nonspecific 1gG of
the corresponding class served as the negative control. Cell
suspensions were analyzed on a flow cytometer (BD Bio-
sciences FACSCanto II) with Flowjo 7.6.1 software.

We assessed expression of CD11b, CD19, CD34, CD45,
CD73, CD90, CD105, HLA-DR, and EphA2. Flow cytom-
etry analysis of all MSCs isolated from the various locations
of a placenta were positive for the CD73, CD90, CD105,
EphA2, and negative for CD11b, CD19, CD34, CD45,
HLA-DR. Flow cytometry analysis of fibroblasts (Human
Foreskin Fibroblasts, neonatal, PC501A-HFF, SBI) was
positive for the CD73, CD90, CD105, negative for CD11 b,
CD19, CD34, CD45, HLA-DR, and negative or low for
EphA2. A distinct pattern was noted for EphA2 between
placenta-derived MSCs and fibroblasts: MSCs showed high
percentage of EphA2-positive cells, whereas fibroblasts
showed the inverse. The results are shown in Table 1 below.

TABLE 1

Immunophenotypes of placenta-derived mesenchymal stem cells and
fibroblasts (percentage of positive cells on flow cytometry)

Cell Surface Marker

Negative
Donor/Tissue CD73  CD90 CD105  EphA2  Cocktail
DI12AM 99.6 99.6 75.9 80.0 0.6
D12CD 99.3 99.5 97.0 72.9 0.5
D12CM 99.3 98.0 98.0 77.7 2.3
D12UC 99.4 99.7 90.6 80.2 0.7
D17AM 99.7 95.7 89.4 62.7 0.6
D17CD 99.7 95.7 92.1 45.0 0.6
D17CM 99.6 77.8 88.2 80.7 1.0
D17UC 99.6 99.8 84.9 65.9 14
Fibroblasts 99.3 97.7 75.6 18.6 0.6

AM = amniotic membrane; CD = chorionic disk; CM = chorionic membrane; and UC =
umbilical cord.

Negative Cocktail includes the antibodies against CD11b, CD19, CD34, CD45, and
HLA-DR (Human MSC Analysis Kit, BD Stemflow ™, catalog number 562245).

The Immunophenotypes of placenta-derived mesenchymal
stem cells were demonstrated by samples from donor #12
and donor #17 at PO. Flow cytometry analysis revealed that
the populations of MSCs were 99.3~99.7% CD73 positive,
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77.8~99.8% CD90 positive, 75.9~98.0% CD 105 positive,
and 45.0~80.7% EphA2 at PO. In contrast, hematopoietic
cell lineage-specific markers, such as CD11b, CD19, CD34,
CD45 and HLA-DR, were not expressed in MSCs. Flow
cytometry analysis of fibroblasts revealed that the popula-
tion were 99.3% CD73 positive, 97.7% CD90 positive,
75.6% CD 105 positive, and 18.6% EphA2 positive;
hematopoietic cell lineage-specific markers, such as CD11b,
CD19, CD34, CD45 and HLA-DR, were not expressed in
fibroblasts.

Example 2

The Immunophenotypic Characterization of the
EphA2-Sorted Placenta-Derived Mesenchymal
Stem Cells (MSCs)

a. Flow Cytometry Analysis of EphA2-Enriched MSCs
Sorted by Magnetic-Activated Cell Sorting (MACS)

The MACS method (MACS® Technology, Miltenyi Bio-
tec) allows cells to be separated by incubating with magnetic
nanoparticles coated with antibodies against EphA2 surface
antigen. Primary culture of MSCs derived from placenta
were incubated with the fluorescence conjugated anti-human
antibodies against EphA2 and sorted by R-Phycoerythrin
(PE) Magnetic Particles according to manufacturer’s
instructions. Flow cytometry analysis of MACS sorted
MSCs at PO revealed that cell population could become
homogeneous in 100% CD73 positive, 97.2~99.5% CD90
positive, 96.0~99.9% CD 105 positive and 96.6~100%
EphA2 positive expression since passage 0 (see Table 2
below), demonstrating that EphA2 sorting via antibodies
conjugated magnetic beads could dramatically improve the
MSC purity from PO. The enriched EphA2-positive MSCs
population could be well maintained in in vitro expansion to
later passage (see Table 3 below).

TABLE 2

The immunophenotypic characterization of the EphA2-sorted placenta-
derived MSCs at PO (percentage of positive cells on flow cytometry)

Cell surface markers

Cell population CD73 CD9 CD 105 EphA2
D17CDPO_unsorted 99.7 95.7 92.1 45.0
D17CDPO_EphA2-sorted 100.0 97.2 98.0 96.6

The immunophenotypic characterization of the EphA2-
sorted MSCs was demonstrated by the MSCs derived from
chorionic disk (CD) from donor #17 at PO. The results
showed that EphA2-positive cells were also CD73 positive,
CD90 positive and CD105 positive. D=donor. P=passage.

TABLE 3

The immunophenotypic characterization of the EphA2-MACS-
enriched population during the in vitro expansion (percentage
of positive cells on flow cytometry)

Cell surface marker:

Cell population CD 73 CD9 CD 105 EphA2
D17CDPO_EphA2-sorted 100.0 97.2 98.0 96.6
D17CD_EphA2*_P1 100.0 99.5 99.9 100.0
D17CD_EphA2* P2 100.0 99.3 99.9 99.9
D17CD_EphA2*_P3 100.0 99.5 99.9 100.0
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The immunophenotypic characterization of the EphA2-
sorted MSCs in later expansion. Immunophenotype was
demonstrated by the MSCs derived from chorionic disk
(CD) from donor #17. MSCs were sorted by EphA2-anti-
bodies-conjugated magnetic beads at PO, and maintained in
optimized MSCs cultural condition in later passages during
in vitro expansion. The results showed that expression of
cell surface marker EphA2 could be well maintained in later
passages in optimized MSCs cultivation conditions.

b. Flow Cytometry Analysis of EphA2-Enriched MSCs
Sorted by Flow Cytometry Cell Sorter (FCCS)

Cells derived from placenta were harvested and sorted by
anti-EphA2 antibodies via JAZZ cell sorter (BD, USA) at
PO. Flow cytometry analysis of EphA2-sorted MSCs
revealed that there were 99.5~100% CD73 & CD90 double
positive, 99.6~100% CD105 & CD90 double positive,
99.5~100% EphA2 & CD90 double positive, 99.8~100%
CD73 & EphA2 double positive, 99.5~100% CD105 &
EphA2 double positive and 99.7~100% CD73 & CD105
double positive populations in passage 2~6 (see Table 4
below). The data revealed that EphA2 protein could be
continuously expressed and maintained in MSCs culture at
later passages.

TABLE 4

The immunophenotypic characterization of the EphA2-FCCS-enriched
population during the in vitro expansion

CD73* CDI105" EphA2* CD73* CDI105* CD73*
% CD90*  CD90* CD90" EphA2* EphA2*  CDI105"
P2 100 100 99.5 100 99.8 99.7
P3 99.5 99.6 99.5 99.8 99.5 99.7
P4 99.9 99.7 99.9 100 99.6 99.7
P6 100 99.9 100 99.9 100 100

The immunophenotypic characterization of the EphA2-en-
riched MSCs in later expansion. Immunophenotype was
demonstrated by the MSCs derived from the umbilical cord
(UC) from donor #7. MSCs were sorted by anti-EphA2
antibodies via cell sorter at PO, and maintained in optimized
MSCs cultural condition in later passages during in vitro
expansion. The expression of cell surface marker EphA2
could be well preserved in later passages.

Example 3

Quantitative Real-Time PCR Evaluation of EphA2
Transcript in Placenta-Derived Mesenchymal Stem
Cells (MSCs) and Fibroblasts

Total RNA from 64 populations of placenta-derived cells
(n=8, including passage 1 and passage 3, from AM, CD,
CM, UC, 4 different parts of a placenta) and Human Fore-
skin Fibroblasts (neonatal, PC501 A-HFF, SBI) were isolated
using the Direct-zol miniprep Kit (Zymo Research Corpo-
ration, CA, USA). The complementary DNA (cDNA) was
synthesized with Transcriptor First Strand cDNA Synthesis
Kit (Roche, Basel, Switzerland). Then Quantitative RT-PCR
was performed using the Roche Universal ProbeLibrary
System with a LightCycler480 II (Roche, Basel, Switzer-
land) according to the manufacturer’s instructions.

We assessed expression of EphA2 by quantitative real-
time PCR in order to compare placenta-derived multipotent
MSCs and fibroblasts. Gene expression was normalized to
the endogenous gene glyceraldehyde-3-phosphate dehydro-
genase expression in the different cell populations. The
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expression of EphA2 transcript in MSCs was calculated by
fold enrichment compared to the expression of EphA2 in
fibroblasts. The results showed that EphA2 was highly
expressed in MSCs when compared with fibroblasts (FIG.
1).

Example 4

Flow Cytometry Analysis of Mixed Populations of
MSCs and Fibroblast

To demonstrated that EphA2 could serve as a biomarker
to separate placenta-derived MSC from fibroblasts, MSCs
derived from the umbilical cord (UC) from donor #23 were
mixed with fibroblasts in Eppendorf tubes by following
ratios (MSC: fibroblasts in cell number): 2x10°: 0, 2x10°:
2x10%, 2x10%: 4x10%, 2x10%: 2x10°, 2x10%: 1x10°, 2x10°:
2x10° and 0: 2x10°. EphA2* population in each Eppendorf
tube was then analyzed by flow cytometry. The results
shown in FIG. 2 demonstrated that the percentage of
EphA2* population detected by anti-EphA2 antibodies via
flow cytometry decreased proportionally in response to the
increased fibroblasts population.

Example 5
EphA2 Knockdown by Lentiviral Transduction

In order to evaluate the functions of EphA2 in the isolated
MSCs population, shRNA (shEphA2) knockdown experi-
ment by lentiviral transduction was carried out. Each con-
struct has an EGFP reporter to monitor transduction effi-
ciency. Four different shRNA sequences were tested, each
with three different Multiplicity Of Infection (MOI) (2, 5,
10), and each experimental condition was performed in
triplicate. Knockdown efficiency was evaluated by qRT-
PCR. The results are shown in FIG. 3. A best knockdown
efficiency of 50% knockdown could be achieved.

Example 6

In this study, we investigated the role of EphA2 in MSCs
in response to inflammatory stimuli, such as TNF-a signal,
in vitro. We focused on the effect of EphA2 involved in
MSCs migration during inflammation [51, 63]. The mobility
of EphA2"" MSCs and EphA2* MSCs under basal cul-
ture conditions or in the presence of TNF-a inflammatory
stimuli was examined.

a. Trans-Well Migration Analysis of EphA2-Knockdown
MSCs

The wild-type, sh-scramble and sh-EphA2 targeted MSCs
were cultured with a condition of 30,000 cells in 8 pm
trans-wells. 0.2% FBS and TNF-o. were added in lower
chamber to activate the MSCs migration. After 6 hours,
viable migrated cells were detected via CellTiter-Glo®
Luminescent reagents according to manufacturer’s instruc-
tions. The results are shown in FIGS. 4A and 4B. The data
revealed that capability to respond to TNF-a signal and
migration of sh-EphA2 MSCs was compromised by EphA2
knock down.

b. Trans-Well Migration Analysis of EphA2high MSCs

Primary culture of cells derived from placenta were
incubated with the magnetic beads conjugated by anti-
human antibodies against EphA2, and were then sorted by
positive selection according to manufacturer’s instructions.
Flow cytometry analysis confirmed the EphA2* MSCs and
EphA2~ cell populations after MACS sorting. Cells were
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cultured with a condition 0f 30,000 cells in 8 um trans-wells.
0.2% FBS and TNF-a were added in lower chamber to
activate the MSCs migration. After 6 hours, viable migrated
cells were detected via CellTiter-Glo® Luminescent
reagents according to manufacturer’s manual. The data
revealed that capability to respond to TNF-a signal and
migration of MSCs was enhanced in EphA2-enriched popu-
lation.

As shown in FIGS. 4A and 4B, the migration of MSCs
was significantly affected by the addition of TNF-a to the
basal medium. After stimulation of MSCs with TNF-q,
migration of MSCs, detected via CellTiter-Glo® Lumines-
cent reagents, was increased in TNF-a-dose-dependant
manner (see FIG. 4A). In contrast, mobility of cells was
abolished in EphA2-knockdown MSCs population, or in
EphA2~ cells by sorting. The effect of EphA2 molecule in
the migration of MSCs in response to TNF-a signal is more
obvious when the luminescent signal was converted to
migrated cell population relative to migrated wild-type
MSCs in 0.2% FBS control in fold change (see FIG. 4B).

It will be appreciated by those skilled in the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.
It is understood, therefore, that this invention is not limited
to the particular embodiments disclosed, but it is intended to
cover modifications within the spirit and scope of the present
invention as defined by the appended claims.
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What is claimed is:

1. A method of distinguishing mesenchymal stem cells
(MSCs) from fibroblasts, comprising:

isolating the MSCs from the fibroblasts using a marker

EphA2 expressed on the MSCs so as to distinguish the
MSCs from the fibroblasts,

wherein the MSCs and fibroblasts are from a primary cell

culture derived from placenta-related tissue.

2. The method of claim 1, wherein the placenta-related
tissue is selected from the group consisting of amniotic
membrane, chorionic disk, chorionic membrane, and umbili-
cal cord.

3. The method of claim 1, wherein the isolating step is
performed through an antibody-based or a nucleotide-based
isolation method.

4. The method of claim 1, further comprising the prelimi-
nary steps of:

collecting the MSCs and the fibroblasts from the placenta-

related tissue;

culturing the MSCs and the fibroblasts in a culture

medium to prepare the primary culture.

5. The method of claim 3, wherein the antibody-based
isolation method is an antibody-based magnetic cell sorting
or an antibody-based flow cytometry.
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6. The method of claim 3, wherein the nucleotide-based
isolation method is a nucleotide-based flow cytometry.

7. A method of increasing a purity of mesenchymal stem
cells (MSCs) population in a cell culture, comprising

isolating and collecting MSCs using a marker EphA2

expressed on the MSCs, wherein the MSCs are from a
primary culture derived from a placenta-related tissue;
and

culturing the MSCs.

8. The method of claim 7, wherein the placenta-related
tissue is selected from the group consisting of amniotic
membrane, chorionic disk, chorionic membrane, and umbili-
cal cord.

9. The method of claim 7, wherein the isolating step is
performed through an antibody-based or a nucleotide-based
isolation method.

10. The method of claim 7, wherein the cells derived from
a placenta-related tissue are cultured in a culture medium for
MSC.

11. The method of claim 7, wherein the purity of the
MSCs population is at least 95% at PO after the isolating
step.

12. The method of claim 9, wherein the antibody-based
isolation method is an antibody-based magnetic cell sorting
or an antibody-based flow cytometry.

13. The method of claim 9, wherein the nucleotide-based
isolation method is a nucleotide-based flow cytometry.

14. A method of isolating a population of mesenchymal
stem cells (MSCs), comprising

isolating and collecting MSCs using a marker EphA2

expressed on the MSCs, wherein the MSCs are from a
primary culture derived from a placenta-related tissue,
and the population of MSCs is more responsive in an
inflammatory environment.

15. The method of claim 14, wherein the isolating step is
performed through an antibody-based or a nucleotide-based
isolation method.

16. The method of claim 14, wherein the MSC population
is more responsive to a TNF-a signaling or a TNF-a-
dependent signaling.

17. The method of claim 15, wherein the antibody-based
isolation method is an antibody-based magnetic cell sorting
or an antibody-based flow cytometry.

18. The method of claim 15, wherein the nucleotide-based
isolation method is a nucleotide-based flow cytometry.
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